Background: The introduction of the surveillance of invasive pneumococcal diseases (IPD) in 2007 has helped to monitor changes in serotype occurrence in the Czech population and assess the impact of routine immunisation against IPD on the child population under 5 years of age.
INTRODUCTION
Infant immunisation against invasive pneumococcal disease (IPD) with conjugate vaccines has been available in the Czech Republic since 2005. The pneumococcal conjugate vaccines (PCV) introduced into the childhood immunisation programme in 2010 have enabled vaccination costs to be mostly or completely covered by health insurance for all infants younger than one year. Vaccination in the Czech Republic, which had been initially realised with only one vaccine, Prevenar (PCV7), has been conducted with Synflorix (PCV10) since 2009 and Prevenar 13 (PCV13) since 2010.
The aim of this observational retrospective study is to assess the impact of routine immunisation on IPD incidence in children under 5 years of age and to verify if there have been any changes in vaccine and non-vaccine serotypes occurrence in the child population.
MATERIALS AND METHODS

IPD Incidence
The occurrence of invasive pneumococcal disease has been monitored within the National Surveillance Programme since 2007, conducted as pilot monitoring in the first two years. Analyzed data of serotypes within the age group of 0-4 years were obtained from publications in the years 2009-2014 (1-6). Cases of IPD were stratified according to vaccine serotypes (VT) and non-vaccine serotypes (NVT). Overall, 11 IPD cases with no serotype specification were assigned to non-typed IPD cases (NT). Although the related publication did not report whether children with IPD recorded in 2007-2008 had been immunised, it might be assumed that in this pre-immunisation period the children were not vaccinated. The reason for this assumption arises from the low vaccination rate resulting from the absence of routine immunisation in these years. Cases reported in 2012 and 2013 were accompanied by information on whether the infant or child was immunised and the type of commercial vaccine administered (Table 1). Overall IPD occurrence in 2007-2008 reported for  both years together totalled 70 cases, from which 46 and 58  cases were caused by 10 and 13 
PCV Immunisation
Routine pneumococcal vaccination has been in effect since the beginning of 2010. Infants born in 2009 were also considered eligible for immunisation. In the first year of routine immunisation, PCV7 and PCV10 vaccines were used. Replacement of PCV7 with the PCV13 vaccine began in the second year of immunisation and partial immunisation with PCV7 was completed with the PCV13 vaccine. Therefore, this assessment focused on the PCV10 and PCV13 immunisations.
Only four PCV7 vaccinated children acquired IPD, as reported in 2012-2013. These cases were caused by the non-vaccine serotype and therefore assigned to children who were not immunised with PCV10 or PCV13. In addition, two cases with unknown status of immunisation and no IPD serotype specification were excluded from the analysis.
The vaccination coverage among children under 5 years of age was considered to be equal for both vaccines and estimated as 100% x (1-IPDpost/IPDpre), where IPDpre and IPDpost were the number of cases in unvaccinated children from the pre-and post-immunisation period, respectively.
Statistical Analysis
Vaccination impact was assessed with a crude or birth cohort adjusted odds ratio (OR or aOR), including 95% confidence intervals (CIs). The number of living infants and children in the years 2002-2013 was obtained from the Czech Statistical Office database. The vaccination rate of each birth cohort was set as follows: 0%, 50%, 80%, 80%, 80% and 80% for birth cohorts in the years 2008, 2009, 2010, 2011, 2012 and 2013, respectively.
The decline of IPD was estimated as 1 minus the OR, expressed as a percentage. Analyses were performed using StatsDirect Statistical Software, version 3.0.117 (StatsDirect Ltd, UK).
RESULTS
When comparing pre-and post-immunisation periods, there was an IPD decline of 46.6% (95% CI 21.9-63.4) in the general child population under 5 years of age. The odds ratio, determined independently of the vaccination rate, was 0.53 (95% CI 0.37-0.78). A much higher decrease of 71.6% (95% CI 50.4-83.7) was observed in the vaccinated children, i.e. the OR of 0.28 (95% CI 0.16-0.50). The vaccination rate reached 68.6% (95% CI 56.4-79.2) in the post-immunisation period.
Although a slightly higher overall reduction of 73.5% (95% CI 42.4-87.8) in children vaccinated with PCV13 compared to those vaccinated with PCV10 was observed (Table 2) , the adjusted odds ratio of 0.89 (95% CI 0.34-2.30) between those immunised with both PCV vaccines did not exhibit any statistical difference from IPD cases between those in the years 2012-2013.
Moreover, PCV13 and PCV10 contributed to a vaccine-type IPD decrease of 95.4% (95% CI 67.0-99.4) and 76.9% (95% CI 36.0-91.7), respectively, when compared to the pre-immunisation period. The occurrence of NVT between the pre-and postimmunisation periods decreased only in children vaccinated with PCV10 (OR 0.52; 95% CI 0.05-0.93) but did not change in children vaccinated with PCV13 (OR 1.10; 95% CI 0.39-2.14). Even when considering the IPD acquisition of NVT and NT, no change was found between both periods in those immunised with either PCV10 or PCV13.
Although during the post-immunisation period, incidence of IPD caused by NVT was significantly lower only in those vaccinated with PCV10 than in unvaccinated children (Table 3) , the adjusted odds ratio of 1.75 (95% CI 0.51-5.98) confirmed no difference of acquired NVT-invasive pneumococcal diseases between children immunised with PCV10 and PCV13. Surprisingly, the IPD burden of VT was not different between unvaccinated and PCV10 vaccinated children, i.e. the OR of 0.70 (95% CI 0.23-2.07).
Although the population of unvaccinated children under 5 years of age was affected with the same overall IPD burden rate in pre-and post-immunisation periods, i.e. the OR of 1.94 (95% Table 1 .
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CI 0.60-1.48), the balance of vaccine and non-vaccine serotypes changed significantly (Fig. 1) . It was revealed that IPD occurrence of 10 vaccine serotypes, included in both commercial vaccines, decreased significantly by 61.5% (95% CI 14.7-82.6) in unvaccinated children, when comparing pre-and post-immunisation periods. But the lower vaccination rate against three vaccine pneumococcal serotypes contained only in the PCV13 exhibited an insignificant reduction of 38.9% (95% CI < 0-65.9) against all 13 vaccine serotypes among unimmunised children when comparing both periods. Contrary to the VT reduction, children who received no immunisation faced the likelihood of NVT together with unspecified IPD acquisition, representing an increase of IPD occurrence rate up to 153% (95% CI 14-464). 
Table 2. Odds ratios (OR) and percentage IPD decreases of vaccine (VT) and non-vaccine serotypes (NVT), including nontyped cases (NT) between pre-(2007-2008) and post-immunisation (2012-2013) periods in children < 5 years
Table 3. Adjusted odds ratios (aOR) and percentage IPD decreases between immunised (I) and unimmunised (U) children younger than 5 years in 2012-2013 for vaccine types (VT), non-vaccine types (NVT) and non-typed cases (NT) of IPD
IPD serotypes
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DISCUSSION
The routine vaccination against pneumococcal infections conducted since 2010 has changed the epidemiological situation in the Czech Republic, i.e. overall IPD occurrence in children under 5 years of age was reduced by 46.6% in 2012-2013. This was the result of vaccination uptake rate reaching 68.6%, in agreement with unpublished data from health insurance companies. Children immunised with PCV13 and PCV10 vaccines were protected against all IPDs with rates of 73.5% and 69.7%, respectively. These findings are consistent with the results of other recent studies conducted in Brazil, Israel, France, and Norway (7-10).
Interestingly, there was a larger impact of PCV13 than that of PCV10 on the IPD reduction of vaccine serotypes in children under 5 years, documented by an 86% reduction for PCV13-immunised and a 30% reduction for PCV10-immunised. This could be explained by a shift in IPD distribution of non-PCV10 serotypes in unimmunised children in 2012-2013. There were 7 cases caused by three vaccine serotypes, i.e. 3, 6A and 19A included only in the PCV13 vaccine, and only 4 cases of serotypes not shared by both commercial vaccines.
Conversely, PCV10 immunisation apparently decreased the IPD burden of non-vaccine serotypes while PCV13 did not influence it. However, as no statistically significant difference of non-vaccine serotype acquisition between children immunised with PCV10 and PCV13 was found, it can be assumed that immunisation with both vaccines did not change the occurrence of non-vaccine serotypes in immunised children. The incidence of invasive pneumococcal diseases in the Czech Republic in 2012-2013 did not show a raised IPD occurrence of non-vaccine serotypes in immunised children compared to years [2007] [2008] . Nevertheless, continued surveillance will be important in order to recognise eventual replacement of serotypes, which has already been observed in countries after the introduction of the 7-or 13-valent pneumococcal conjugate vaccine into national routine immunisation schedules (11) (12) (13) .
Although routine immunisation did not affect IPD burden in unvaccinated children, there was a shift in the IPD occurrence caused by vaccine and non-vaccine serotypes. It was shown that the IPDs of ten serotypes common to both vaccines significantly declined among unvaccinated children by up to 61.5%. Unfortunately, this positive impact of routine immunisation was compensated for by the IPD burden on both non-vaccine and unspecified serotypes, which was nearly 2.5 times higher in the population of unvaccinated children between the pre-and postimmunisation periods. Therefore, unvaccinated children could be considered as a source of pneumococci, especially those of non-vaccine serotypes.
The limitations of these analyses include the lack of knowledge concerning full and partial immunisation as well as concerning a number of received vaccine doses.
Even though routine immunisation has evidently brought about a positive impact on IPD occurrence in the child population, the use of less valent vaccines could reduce this favourable effect. If only one vaccine had been applied, which currently represents the broadest serotype coverage, the results of the immunisation programme would have been even better. Naturally, increasing the vaccination rate is another important means of reducing the reservoir of pneumococci in the child population.
